Several methods have been developed to transfer DNA into plant protoplasts. In the legume family, both electroporation and PEG gene transfer (18) have been successfully used for transient expression and to stably transform protoplasts from soybean (3) and moth bean (14) . In the case of Phaseolus vulgaris, no stable transformation and regeneration method is available, and the level oftransient gene expression reported by Dron et al. (8) is very low. In this paper we report the establishment of a rapidly growing suspension culture of P. vulgaris as well as the conditions required for a high level of transient gene expression using constructs containing the CaMV335S promoter.
Because one of our objectives is to obtain a high level of expression in beans, we have tested the effect of including sequences reported to stimulate gene expression in other species. For instance, introns have been shown to increase the levels of gene expression in both mammalian cell cultures (1) and in plant cells (2) . Several reports have corroborated this finding using different introns from monocot genes; however, there are few reports on this 'intron enhancement' phenomenon in dicot species. Dean et al. (6) plants. They demonstrated that removal of all three intron sequences from the highly expressed gene resulted in a fivefold decrease in steady state mRNA levels. The intron enhancement effect appears to be mediated by posttranscriptional steps rather than the presence of a transcriptional enhancer within the intron sequences, because all introns tested provide some enhancement (2).
Gallie et al. (9) have shown that the 67 bp leader sequence, Q, derived from TMV, stimulates gene expression in animals, plants and bacteria. The proposed mechanism is that Q promotes preferential translation. Similarly, the leader sequence of brome mosaic virus (12) acts as a translational enhancer. We have tested the impact of introns and the Q leader on gene expression. We show that even though the use of a monocot intron did not increase expression, inclusion of a dicot intron and the Q leader sequence enhanced expression up to 10-fold in P. vulgaris.
MATERIALS AND METHODS Protoplast Isolation
Protoplasts from Phaseolus vulgaris cv Negro jamapa were isolated 3 (Fig. 1) , were established for both PEG-and electroporation-mediated transformation. In the case of electroporation, two parameters, field intensity and pulse length, were optimized. To optimize field intensity, the input voltage was varied keeping the pulse length constant at 12 ms (Fig. 2) . This pulse length was chosen because it has been shown to be optimal for maize protoplasts isolated from maize or carrot suspension cultures (J De Wet, V Walbot, manuscript submitted for publication). The LUC and GUS activities were maximal between 450 V/cm and 525 V/cm (Fig. 2, A and B) . At higher voltages, both activities decreased because fewer protoplasts remained alive. A second parameter that can alter electroporation efficiency and transient expression is the discharge time applied to the protoplasts (pulse length). As shown in Figure 2 , C and D, both reporter genes activities are maximal when the electric pulse is applied for 50 ms; longer pulses result in less activity. Protoplast viability was also monitored during this experiment (Fig. 2) . The optimized pulse length for both expression and viability is between 12 and 20 ms (Fig. 2, C and D) . (Fig. 1) . The reporter gene is expressed from the CaMV 35S promoter. The CaMV fragment used in this experiment extends from -363 to + 1 relative to the transcription initiation site. The level of transient gene expression was determined using the optimal electroporation conditions outlined above. Supercoiled DNA was introduced into duplicate protoplast samples in each experiment and assayed for LUC activity after 18 to 24 h of incubation at 25°C (see "Materials and Methods"). Relative expression levels in transient assays show substantial variability between separate experiments because of differences between cell preparations (20) ; in bean protoplasts this variability can be up to 25-fold. Because of this variability in protoplast response, an internal control was introduced by coelectroporating a second plasmid carrying the GUS reporter gene. The internal control used was the pCaG plasmid ( Fig. 1 ) that contains the 3-glucuronidase gene driven by the CaMV 35S promoter. Table II shows that, when the LUC expression levels of the pJD300 plasmid from four independent experiments were normalized with the GUS activity, variability between experiments was reduced to about 2.5-fold.
Inclusion of the TMV Q sequence (pJD30 1), which has been reported to enhance translation (9) , increased expression in beans about fourfold compared with pJD300 (Table II) . This enhancement is comparable to that reported for tobacco and agrees with the hypothesis that the TMV Q sequence functions in all dicots.
Enhancement of transient gene expression by the inclusion ofvarious introns in the transcriptional unit has been reported for several monocots (2) . Specifically, the maize Adhl intron 1 enhances expression when this sequence is placed in the untranslated leader of a reporter gene (2) . We were interested to find out ifthis phenomenon also occurs in bean protoplasts. We used plasmid pJD313 for this purpose; this plasmid contains the TMV Q sequence and the maize Adhl intron 1 inserted upstream of the LUC gene (Fig. 1) . The level of LUC transient gene expression was determined in two different experiments. As shown in Table II , the presence of this monocot intron provides no enhancement; rather, LUC expression in bean protoplasts is reduced compared to pJD30 1, a similar plasmid that lacks the intron sequence. We hypothesize that the maize intron is inefficiently spliced in beans and other dicots, hence intron enhancement would be prevented. In support ofthis idea, Keith and Chua (13) , found that intron 6 of the maize Adhl was inefficiently spliced in transgenic tobacco plants. Similarly, Adhl intron 1 is inefficiently spliced in tobacco and carrot protoplasts (J De Wet, V Walbot, personal communication).
In dicots, inclusion of intron sequences in expression constructs has yielded contradictory results. For example, Dean et al. (6) 
